Abstract: The dynamics of entangled state interacting with a single cavity mode is investigated in the presence of a random parameter. We have shown that degree of entanglement decays with time and rate of decay is defined by features of random parameter. Quantum teleportation through dissipative channal and teleportation fidelity as a function of damping rates has been studied. The sensitivity of the fidelity with respect to random parameter is discussed. We have evaluated the time interval during which one can perform the quantum teleportation and send the information with reasonable fidelity, for a given values of correlation length of random parameter.
Introduction
Entanglement is a promising resource for the quantum information and communication fields [1] . There are much attentions have been paid to the manipulation of quantum entanglement [2] . Quantum teleportation [3] and quantum cryptography [4, 5] all rely on having entangled states of qubits. Therefore generating entangled states and keeping them survival for along time is an important task [6] . In the real word, quantum entanglement will be inevitably affected by the deocherence, which causes deterioration of entanglement [7] . Thus, there are several studies which concentrate on investigating the dynamics of quantum entanglement and information in open systems (see for example [8, 9] ). Also, the thermal effect on the dynamic of the information has been treated in many different systems. As an example, the effect of the local thermal and squeezed reservoirs on the degree of entanglement is investigated by Ikram et. al [10] . The entanglement decay and the sudden death in the presences of thermal reservoir is discussed by Zhou and et. al [11] . The dynamics of quantum information is investigated by means of the information exchange and the disturbance in [12] .
Entanglement affected by other factors than thermal reservoirs. For example, system may contain stochastic parameter averaging with respect to which leads to the de-coherence. Problems like this are typical for Cavity Quantum Electrodynamics (CQED). Modern experiments in CQED have achieved strong atom-field coupling for the strength of the coupling exceeds decay process. If so, then dynamic of two level atoms inside a cavity is reduced to the driven Jaynes-Cummings (JC)
Hamiltonian, which models the interaction of a single mode of an optical cavity having resonant frequency with a two level atom [13, 14] . However as was shown in [15] , in the most general case dynamics is very complicated and chaotic. Since it involves not only the internal atomic transitions and field states, but also center-ofmass motion of the atom and recoil effect. Motion of two level optical atoms inside a cavity can be chaotic [15] . So, the coordinate of the atom is a random parameter and leads to the sufficient influence on the quantum information processing.
It is well-known that, in a perfect scheme, the shared entangled state is a maximally entangled state enabling perfect quantum state transfer. However interaction with the environment results in a loss of coherence. This phenomenon is key issue of many studies [8, 9] ). However, the main idea of the given paper is to study the entangled states in the presence of inner random parameter in the system. For this purpose, we shall consider a generalized JC model introduced in [16] . Also, the possibility of performing quantum teleportation through this chaotic system will be discussed. Study of the chaotic quantum systems is a striking problem of quantum chaos. In the semiclassical limit quantum chaotic systems display properties similar to the classical chaos. For example, decay rate of the quantum Loschmidt echo is related to the classical Lyapunov exponent [17, 18, 19, 20] . However problem of our interest is purely of quantum origin. Since we are interested in the consequences of quantum chaos in quantum information processing.
This letter is organized as follows: In Sec.2, we describe the system and its solution. Sec.3, is devoted to investigate the dynamics of entanglement. In Sec.4, The fidelity of the teleported state is discussed. Finally, we summarize our results in Sec.5.
2
During the last decade many theoretical and experimental efforts have been done in order to study processes involving atoms inside a cavity, stimulated by the experimental realization of a multi-photon micromaser [21] . In the rotating wave approx-where, δ ij = 1 if i = j and zero otherwise. The constants ω 0 , ω f are the atoms, the field frequency respectively, while Ω represents the coupling constant between the two spins.
The term g 0 cos(k fx ) is coupling between the atoms and the field, where it depends on the position of the atoms inside the cavity. This dependence serves as a source of complexity of the dynamics. As was shown in [16] , time dependence x(t) mimics all feature or random Wiener process. The correlation length of random variable x(t) scales with kinetic energy of the atom on the input and for very slow initial conditions dynamic is close to regular. Since the motion of the adiabatic motion system is integrable, then the de-coherence time of the system can be scaled by proper choice of initial kinetic energy of the atom (see Ref [15] for example).
In the invariant sub-space of the global system, we can consider a set of complete basis of the qubit-field system as ee, n − 1 , eg, n , ge, n and gg, n + 1 . Assume that the field is initially prepared in a coherent state, ψ(0) f = ∞ n=0 W n n . For the atomic system, we consider the initial states of the first and second atoms are,
respectively , where 1 stands for the first atom and 2 for the second atom, with |a i | 2 + |b i | 2 = 1, i = 1, 2. So, the initial state of the atomic system can be written as
and consequently the state of the total system is given by,
where,
andn is the mean photon number inside the cavity. At any time t > 0, the state of the atomic system and the field is given by
and
Due to the chaotic motion of atoms inside of cavity, we consider the random parameter, x(t) as a classical chaotic function. Therefore Q[ω(t)] should be averaged over all possible realizations of the random parameter ω(t). In this treatment, we consider the case of weak chaos, corresponding to the large values of correlation time τ c of random variable x(t) [16] .
Since we are interested in discussing some properties of the atomic system, we calculate the density matrix of the two atoms by tracing out the field i.e ̺ 12 = tr f {̺ Af }, where ̺ Af = ψ s (t) ψ s (t) and ̺ 12 is the density operator of the atomic system. In an explicit form,
Having the density operator, we can investigate all the physical properties of the atomic system.
Entanglement
To quantify the amount of entanglement contained in the entangled states, we shall use a measurement called negativity introduced first by K. Zyczkowski [22] . This measure states that if the eigenvalues of the partial transpose are given by µ i ; i = 1, 2, 3, 4, then the degree of entanglement, DOE is given by,
where, µ i are the eigenvalues of the partial transpose of the density operator ρ T 2 12 (t). To see the effect of the random parameter on the dynamics of entanglement, we should average the random funstion Q[ω(t)] over all possible realizations of x(t) as [16] ,
Now, investigating the effect of the function x(t) on the dynamics of entanglement is equivalent to investigate the effect of the parameter γ. parameter γ, where we assume that the atomic system is initially prepared in a partial entangled state ̺ 12 = 0.2 gg gg + √ 0.6 ee ee . In Fig.(1a) , we consider the mean photon numbers inside the cavityn = 5. it is clear that, for small values of the parameter γ, the entanglement decays smoothly. However, for large values of γ, the DOE, decays faster and then become stable. This means that even if the system suffers from the chaotic environment the entangle stated is robust. In Fig.(1b) , describes the dynamics of entanglement forn = 6. One can notice that the behavior of the entanglement is the same as that depicted in Fig.(1a) , namely, the entanglement decays fast as one increases the chaotic parameter γ. From Fig.(1a&1b) , it is clear that, as one increases then inside the cavity, the entanglement improved.
This behavior of entanglement is similar to that depicted in [23] , where the entropy increases as the time increases. Also, due to the damping effect the oscillations are very small and appears only for a long range of time. This explain the disappearance of oscillation behavior of the entanglement.
So, one concludes then, the entanglement decays faster as one increases the chaotic parameter. Also, this effect does not cause a death of entanglement. This means that, the traveling partial entangled state in the chaotic cavity is robust.
However, by increasing the mean photon numbers inside the cavity, one can delay the decay and enhance the degree of entanglement.
Teleportation is one of the most promising candidate in quantum communation theory [1] . Since, it has been discovered by Bennett et. al [3] , there are different protocols have been developed in different directions. Performing quantum teleportation by using entangled atoms has been investigated by many authors [25, 26, 27] . One of the most practical application is quantum teleportation through noise channels( see for example [28, 30, 29, 31] ).
In this study, we investigate the effect of the chaotic parameter γ, on the fidelity of the teleported state. Let us assume that we have two users, Alice and Bob share an entangled state given by (7) . Alice is given unknown state ρ u = ψ u ψ u where,
The aim of Alice is sending this unknown state to Bob, where they use the original teleportation protocol [3] .
To achieve this task, the partners follow the following steps:
1. Alice performs the CNOT gate on her qubit and the given unknown qubit followed by Hadamard gate.
2. Alice measures her qubit and the unknown qubit randomly in one of the basis
( eg ± ge ), and sends her results to Bob by using classical channel.
3. As soon as Bob receives the classical data from Alice, he applies a single qubit operation on his qubit depending on Alice's results.
If, Alice measures the Bell state,
( ee + gg ), then the density operator on Bob's hand, ρ b , is given by,
To quantify the closeness of the initial state (10) with the final state (11), we evaluate the fidelity F which is given by,
The dynamics of the fidelity F , of the teleported state (10) is presented in Fig.(2) .
This figure displays the possibility of using the state ̺ 12 as a quantum channel for a short time to implement the quantum teleportation protocol. It is clear that, in the case of ideal environment namely γ = 0, Alice can send the unknown state (10) with high fidelity. However for small value of the chaotic parameter γ, the fidelity F decreases. As one increases the chaotic parameter more, one can see that the fidelity decreases fast and at γ = 1, the fidelity is zero. This behavior due to the lose of entanglement as one increases the chaotic parameter A visible behavior of the fidelity is given in Fig.(3) , where it describes F as a contour lines. From this figure, we can determine the interval of the critical time τ c , after which the effect of the chaotic parameter appears. It is easily seen that, the teleported state can be transmitted with high fidelity from one location to another for any value of the chaotic parameter γ in the interval t ∈ [0, 0.25]. However, for small values of γ ∈ [0, 0.14], one can teleporte the information safely with F = 1.
For t > 0.25, the fidelity decays smoothly and sharply for larger time. As one increases γ more, the fidelity decreases smoothly and then becomes constant. This behavior is seen for any value of the chaotic parameter γ. Also, one can see that as one increases the chaotic parameter, the dark sectors increases. This means that the fidelity decreases. However the bright regions increases as one decreases the value of the chaotic parameter.
From theses results, one can say that it is possible to achieve quantum teleportation for any value of the chaotic parameter with reasonable fidelity. Also, for small range of time one can teleported the information with unit fidelity for any value of the chaotic parameter.
Conclusion
Usually sudden death of Entanglement is associated with the environmental effects.
It could be radiation field or thermal fluctuations as well. Question what kind consequences nonuniform cavity may have on the quantum information processing
was missed yet. Idea of nonuniform cavity (which is of course more realistic from experimental point of view than uniform cavity) implies that constant of coupling between radiation field and optical atom depends on atoms position inside of cavity.
This dependence is as a rule ignored for standard Jaynes-Cummings model.
However the nonuniform cavity may lead to the complex dynamic of the system.
The aim of the present paper is investigating the consequences of the nonuniform cavity on the quantum information processing. With this in the aim, we studied particular model system to identify new mechanism of decoherence. Key issue is that in our case, in contrast to the common scenario (thermal and environmental effects), sours of decoherence is the initial random parameter over which averaging procedure is done. This parameter itself is a consequence of the random motion of atoms due to nonuniform quantum cavity. Interest to this problem is motivated by the fact that in case of low temperatures, and in the cavities with small mean photon numbers, nonuniform effects on the quantum information processing becomes important, since it recovers thermal and environmental effects.
Basically effect of the random parameter on the degree of entanglement for a twoqubit system and on the fidelity of the teleported state is investigated. The time behavior for both phenomenon, is depicted for the time interval comparable with the correlation length of random parameter. We observe decay of degree of entanglement with time if underling dynamic is chaotic. Decay rate is defined by features of atomic motion inside of cavity and may be scaled along with the correlation length of random variable. Advantage of the offered model is that, decay rate is quite low if initial kinetic energy of the system is small. Also, an important result is that, in spite of de-coherence, minimum degree of entanglement does not reach to zero. This indicates on the possibility, of using given model for performing quantum teleportation with reasonable fidelity, during the large lapse of time. 
